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PDQDJHWKHLUYDOXHLQRUGHUWRHQVXUHDVHUYLFHRIDGHTXDWHTXDOLW\DQGPDNHVXUHWKDWZKDWWKH\SDVVRQWRWKHLU
VXFFHVVRUVLVFDSDEOHRIFRQWLQXLQJWRGRVR'XHWRWKHLQGHILQLWHOLIHRIDQXUEDQZDWHULQIUDVWUXFWXUHDVDZKROHD
FODVVLFDO OLIHF\FOH DSSURDFK LV QRW GLUHFWO\ DSSOLFDEOH ± RQO\ WR LQGLYLGXDO DVVHWV ,QVWHDG ORQJWHUP SODQQLQJ LV
QHHGHGHPEHGGLQJWKHOLIHF\FOHRIWKHLQGLYLGXDODVVHWVZLWKRXWORVLQJVLJKWRIVXVWDLQHGDQGVXVWDLQDEOHVHUYLFH
SURYLVLRQ
3URDFWLYHPDLQWHQDQFHDQGUHKDELOLWDWLRQSODQQLQJSOD\VDFUXFLDOUROHLQLQIUDVWUXFWXUHDVVHWPDQDJHPHQW,$0
RI XUEDQ ZDWHU VHUYLFHV :DVWHZDWHU GUDLQDJH V\VWHPV RIWHQ VXIIHU IURP LQDGHTXDWH FDGDVWUDO DQG PRQLWRULQJ
LQIRUPDWLRQDVFRPSDUHG WR WKHLUZDWHUVXSSO\FRXQWHUSDUWV:RUNRUGHU LQIRUPDWLRQ LVDOVR OHVV OLNHO\ WRSURYLGH
XVHDEOHUHFRUGVIRUIDLOXUHPRGHOLQJDQGIRUHFDVWLQJVLQFHDZLGHUYDULHW\RIIDLOXUHPRGHVLVDWSOD\HJVWUXFWXUDO
EORFNDJHVJUHDVHDQGWKHDFFHVVLELOLW\RIVHZHUVWRPDLQWHQDQFHZRUNRIWHQFDXVHVZRUNRUGHUVWRPL[SURDFWLYH
DQG UHDFWLYH ZRUNV HIIHFWLYHO\ UHVXOWLQJ LQ IDLOXUHUHODWHG LQIRUPDWLRQ WKDW LV OHVV XVHDEOH IRU UHOLDELOLW\EDVHG
SUREDELOLVWLFDSSURDFKHVWKDWSUHGLFWIDLOXUHUDWHVEDVHGRQSUHYLRXVRFFXUUHQFHV
&RQYHUVHO\VHZHUVDUHPRUHHDVLO\DFFHVVLEOHWR&&79DQGRWKHUIRUPVRIGLUHFWLQVSHFWLRQZKLFKDUHULFKVRXUFHV
RILQIRUPDWLRQRQFRQGLWLRQDQGDOORZIRUWKHLPSOHPHQWDWLRQRIFRQGLWLRQEDVHGPHWKRGVWRGHWHUPLQHGHWHULRUDWLRQ
WUHQGV&RQGLWLRQSUHGLFWLRQDQGGHWHULRUDWLRQIRUHFDVWVDUHFUXFLDOIRUORQJWHUPSODQQLQJ7KURXJKWKHDSSOLFDWLRQRI
VWDQGDUGGHIHFWFODVVLILFDWLRQDQGVFRULQJV\VWHPVDQGFRQGLWLRQDVVHVVPHQWSURWRFROVVXFKDVWKRVHGHILQHGE\(1
:DWHU5HVHDUFK&HQWUH >@ RU1$66&2¶V3$&3  3LSHOLQH$VVHVVPHQW DQG&HUWLILFDWLRQ
3URJUDP>@HDFKLQVSHFWHGVHZHUSLSHLVDVVLJQHGDJUDGHDVDUHVXOWRIH[SHUWLQWHUSUHWDWLRQRIDQXPEHURIGLUHFW
RUYLGHRYLVXDOREVHUYDWLRQV7KHUHDUHVLPLODUSURWRFROVIRUPDQKROHVDQGIRUODWHUDOV
(JLQWKH3$&3V\VWHPJUDGHVRI³PLQRUGHIHFWJUDGH´WR³PRVWVLJQLILFDQWGHIHFWJUDGH´DUHDVVLJQHGLQ
WZRFDWHJRULHV²VWUXFWXUDOHJDZDOOIUDFWXUHDQGRSHUDWLRQVDQGPDLQWHQDQFHHJGHSRVLWV'HSHQGLQJRQWKH
LQWHUYHQWLRQUHKDESURWRFRODGRSWHGE\WKHXWLOLW\JUDGHXVXDOO\SODFHVWKHVHZHUXQGHUFORVHUREVHUYDWLRQJUDGH
VODWHVWKHSLSHIRUUHKDERUFRUUHFWLYHDFWLRQLQWKHQHDUIXWXUHXSWR\HDUVDQGJUDGHRIWHQGHILQHVDQHQGRIOLIH
FRQGLWLRQ3LSHVJUDGHGRUDUHFRPPRQO\ODEHOHG³FULWLFDO´LQWKLVFRQWH[WDVDQH[SUHVVLRQRIWKHVHULRXVQHVVRI
WKHLUFRQGLWLRQQRWWREHLQWHUSUHWHGDVDFRQVHTXHQFHRIIDLOXUHDVVHVVPHQW
,QVSHFWLRQVDUHVXIILFLHQWO\EHQHILFLDOWRLQVSLUHIXOOFRYHUDJHVWUDWHJLHVZLWKDIRFXVRQGLUHFWHYDOXDWLRQRIWKH
DVVHWVDVUHIOHFWHGE\WKHUHKDESURWRFROVGHVFULEHGDERYH7KH\DUHDOVRRIWHQXVHGWRIHHGWKHUDQNLQJRIDVVHWVEDVHG
RQULVNEDVHGDSSURDFKHVFURVVLQJDQHVWLPDWLRQRIOLNHOLKRRGRIIDLOXUHXVLQJWKHFRQGLWLRQJUDGHDQGDJHPDWHULDO
EDVHGGHFD\FXUYHVIURPWKHOLWHUDWXUHZLWKDQHVWLPDWLRQRIWKHFRQVHTXHQFHRIIDLOXUHPHDVXUHGE\FRPSRXQGLQJ
VHYHUDOYDULDEOHVVXFKDV]RQLQJVHZHUSUR[LPLW\WRVHQVLWLYHDUHDVRUVHZHUFDSDFLW\
+RZHYHULQVSHFWLRQVDUHFRVWO\DQGLWLVZHOOZRUWKWU\LQJWRSULRULWL]HWKHPE\GLUHFWLQJWKHHIIRUWWRWKRVHVHZHUV
PRVWOLNHO\WREHLQDFRQGLWLRQWKDWUHTXLUHVDFWLRQJUDGHVDQGRU³FULWLFDOV´EDVHGRQFRUUHODWLRQVEHWZHHQ
SUHYLRXVUHVXOWVDQGSRWHQWLDOO\H[SODQDWRU\FRYDULDWHVHJDJHPDWHULDOUDWKHUWKDQPHUHO\IROORZLQJDFRQWLJXLW\
VWUDWHJ\ZKHQVHOHFWLQJWKHQH[WVHZHU]RQHRUVXEEDVLQWRLQVSHFW&RQFXUUHQWO\JLYHQWKHQHHGWRSULRULWL]HDQG
SODQ2	0DQGWDFWLFDODVVHWPDQDJHPHQWLQWHUYHQWLRQVWKHUHLVDOZD\VDQHHGIRUWKHEHVWSRVVLEOHVQDSVKRWSUHGLFWLRQ
RIWKHQHWZRUN¶VFXUUHQWFRQGLWLRQ
)XOOFRYHUDJHJHQHUDWHVDODUJHTXDQWLW\RIVHZHUREVHUYDWLRQVDQGFRQGLWLRQJUDGHV0LQLQJELJGDWDXVLQJQRYHO
VWDWLVWLFDODSSURDFKHVFDQEULQJIRUWKUHOLDEOHSUHGLFWLRQVRQVHZHUFRQGLWLRQ8VLQJDJHDQGPDWHULDOEDVHGGHFD\
FXUYHVIURPHOVHZKHUHPD\EHDVROXWLRQZKHQWKHUHLVQRWHQRXJKGDWDWRGHULYHVSHFLILFLQIRUPDWLRQEXWWUDGLWLRQDO
DVVXPSWLRQVRQVHUYLFHOLIHFDQEHIXQGDPHQWDOO\FKDOOHQJHGRUYDOLGDWHGE\H[LVWLQJGDWD
$GDWDGULYHQVROXWLRQVKRXOGPDNHQRDVVXPSWLRQVLWVKRXOGORRNDWH[LVWLQJGDWDDQGH[WUDFWDVPXFKIDFWXDO
LQIRUPDWLRQDVSRVVLEOH'LIIHUHQWW\SHVRILQIRUPDWLRQFDQEHDQDO\]HGE\PHDVXULQJWKHLUFRQWULEXWLRQWRH[SODLQLQJ
VHZHU FRQGLWLRQ RYHU WLPH $QRWKHU LPSRUWDQW FRQVLGHUDWLRQ LV WKDW PRYLQJ RQ IURP DVVHWE\DVVHW WR ]RQDO
SULRULWL]DWLRQZRXOGEHH[SHFWHGWR\LHOGPRUHUHOLDEOHDVVHVVPHQWVSUHGLFWLQJIRUDUDQJHRISLSHVLVLQKHUHQWO\PRUH
SUHFLVHWKDQIRUDVLQJOHHOHPHQWDQGPRUHDFWLRQDEOHUHVXOWVLQVSHFWLRQMREVDUHFRQWUDFWHGRXWIRUDQDUHDRIVHYHUDO
WHQVRINPPLOHVRIVHZHUVDWDWLPH
0HWKRGV±GHFLVLRQWUHHVDQGWKH5DQGRP)RUHVWFODVVLILFDWLRQDOJRULWKP
,QRUGHUWRPDNHXVHRILQVSHFWLRQUHVXOWVSUHGLFWRUVVXFKDVPXOWLSOHOLQHDUUHJUHVVLRQPRGHOVPD\EHXVHG²
JOREDOPRGHOVLQZKLFKDVLQJOHSUHGLFWLYHIRUPXODLVVXSSRVHGWRKROGRYHUWKHHQWLUHGDWDVSDFH+RZHYHUZKHQ
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GDWDKDVDODUJHQXPEHURIYDULDEOHVWKDWLQWHUDFWLQQRQOLQHDUZD\VDVVHPEOLQJDVLQJOHJOREDOPRGHOFDQEHYHU\
GLIILFXOWDQGRIWHQGRHVQRWOHDGWRDQDFFXUDWHSUHGLFWLRQ
*LYHQDFHUWDLQVXEVHWRISLSHVWKDWKDYHEHHQLQVSHFWHGDQGIRUZKLFKDJLYHQFRQGLWLRQUDWLQJLVNQRZQDWDJLYHQ
GDWHXWLOLWLHVRIWHQDWWHPSWDIXOOFRYHUDJHVWUDWHJ\EHIRUHFDUU\LQJRXWUHSHDWVWKHNH\TXHVWLRQVDUH
x :KDWLVWKHSUREDELOLW\RIVHZHU;RUWKH<JURXSRIVHZHUVEHLQJLQFRQGLWLRQRUWRGD\"
x +RZDERXWLQ\HDUV¶WLPHRUDQ\RWKHUWLPHIUDPH"
$QDOWHUQDWLYHDSSURDFKLVWRUHFXUVLYHO\VXEGLYLGHWKHVSDFHLQWRVPDOOHUUHJLRQVZKHUHWKHLQWHUDFWLRQVDUHPRUH
PDQDJHDEOH DQG WKHQ ILW VLPSOH PRGHOV WR HDFK VXEVSDFH 'HFLVLRQ WUHHV IROORZ WKLV SDWK DQG DUH DQ HIIHFWLYH
FODVVLILFDWLRQUHJUHVVLRQWRROXVHGLQILQDQFHGDWDPLQLQJDQGPDFKLQHOHDUQLQJ,QWKHPDMRULW\RIFDVHVGHFLVLRQ
WUHHVSUHVHQWEHWWHUUHVXOWVWKDQRWKHUFODVVLILFDWLRQUHJUHVVLRQPHWKRGV>@$VSHFLDOFDWHJRU\UHJUHVVLRQWUHHVLV
XVHGZKHQWKHUHVSRQVHYDULDEOHLVQXPHULFDODQGQRWFDWHJRUL]HG'HFLVLRQWUHHVXVHDWUHHOLNHJUDSKRIGHFLVLRQV
DQGWKHLUSRVVLEOHFRQVHTXHQFHVDQGDUHREWDLQHGE\UHFXUVLYHO\SDUWLWLRQLQJWKHGDWDWKURXJKDVHULHVRIFRQGLWLRQ
WHVWVGLYLGLQJWKHPLQWRKRPRJHQHRXVVXEVHWVZLWKUHVSHFWWRWKHUHVSRQVHYDULDEOHIRUH[DPSOHWKHFRQGLWLRQUDWLQJ
RIDVHZHUSLSH)RUPDOO\DGHFLVLRQWUHHLVDKLHUDUFKLFDOVWUXFWXUHFRQVLVWLQJRIQRGHVDQGHGJHVDQRULHQWHGJUDSK
FRQVLVWLQJRILQWHUQDOQRGHVOHDYHVDQGDURRW7KHURRWDQGLQWHUQDOQRGHVUHSUHVHQWWKHWHVWFRQGLWLRQVLQYROYLQJWKH
GLYLVLRQRIWKHGDWDZKLOHHDFKOHDILVDVVRFLDWHGZLWKDVSHFLILFSUHGLFWLRQ
'HFLVLRQWUHHVXVHDQXQGHUO\LQJDOJRULWKPWKDWPXVWDQVZHUWKUHHPDLQTXHVWLRQVL+RZVKRXOGWKHGDWDEHGL
YLGHG"LL:KHQVKRXOGWKHGLYLVLRQSURFHGXUHVWRS"LLL+RZWRDVVRFLDWHDSUHGLFWLRQWRDOHDI"0DQ\GHFLVLRQWUHHV
PD\EHEXLOWIURPWKHVDPHVLQJOHVHWRIDWWULEXWHV$OWKRXJKVRPHWUHHVDUHPRUHDFFXUDWHWKDQRWKHUVILQGLQJWKH
RSWLPDO WUHH LV D FRPSXWDWLRQDOO\ LQIHDVLEOHSUREOHPGXH WR WKH H[SRQHQWLDO VL]HRI WKH SRVVLEOH VSDFH+RZHYHU
HIILFLHQWDOJRULWKPVKDYHEHHQGHYHORSHGWREXLOGDGHFLVLRQWUHHZLWKVXIILFLHQWDFFXUDF\LQDUHDVRQDEOHDPRXQWRI
WLPH>@>@>@
7KHDGYDQWDJHVRIGHFLVLRQWUHHVLQFOXGHKLJKSUHGLFWLYHSHUIRUPDQFHIRUUHODWLYHO\VPDOOFRPSXWDWLRQDOHIIRUW
WKHIOH[LELOLW\WRKDQGOHDEURDGUDQJHRIUHVSRQVHW\SHVLQFOXGLQJQXPHULFFDWHJRULFDODQGVXUYLYDOGDWDWKHDELOLW\
WRGHDOZHOOZLWKKLJKHUGLPHQVLRQDOLW\DQGWKH\GRQRWUHTXLUHDGLVWULEXWLRQDODVVXPSWLRQ'LVDGYDQWDJHVLQFOXGH
DQLQKHUHQWLQVWDELOLW\²VPDOOFKDQJHVLQWKHGDWDFDQFRPSOHWHO\FKDQJHWKHILWWHGWUHHDQGDVWKH\DUHQRWEDVHGRQ
D SUREDELOLVWLFPRGHO WKHUH LV QR SUREDELOLW\ OHYHO RU FRQILGHQFH LQWHUYDO WKDW FDQ EH GLUHFWO\ DVVRFLDWHG LQVWHDG
UHTXLULQJFRPSOHPHQWDU\WHFKQLTXHVWRHVWLPDWHFRQILGHQFHRQWKHSUHGLFWLRQV
7KH XQFHUWDLQW\ LQ UHJUHVVLRQ WUHH SUHGLFWLRQV FDQ EH VHSDUDWHG LQWR WZR SDUWV L WKHUH LV XQFHUWDLQW\ LQ WKH
SUHGLFWLRQLWVHOIDVVXPLQJWKHWUHHLVFRUUHFWDQGLLWKHWUHHLWVHOIFRXOGEHZURQJ7KHILUVWVRXUFHRIXQFHUWDLQW\
FDQEHDGGUHVVHGXVLQJUREXVWHVWLPDWRUVWKHVHFRQGVRXUFHLVPRUHWURXEOHVRPH$VWKHUHVSRQVHYDOXHVVKLIWWKH
WUHHLWVHOIFKDQJHVGLVFRQWLQXRXVO\²WKHWUHHVKDSHLVDGLVFUHWHYDULDEOH1RQSDUDPHWULFERRWVWUDSSLQJPD\EHXVHG
LQRUGHUWRHVWLPDWHKRZGLIIHUHQWWKHWUHHFRXOGKDYHEHHQLIDGLIIHUHQWVDPSOHKDGEHHQGUDZQIURPWKHVDPHVRXUFH
GLVWULEXWLRQ,GHQWLFDOO\LQGHSHQGHQWO\GLVWULEXWHGVDPSOHVRIVL]HQIURPWKHHPSLULFDOGLVWULEXWLRQDUHJHQHUDWHGDQG
WKH\DUHDVFORVHDVRQHFDQJHWWRDQRWKHUGUDZIURPWKHRULJLQDOGDWDVRXUFHZLWKRXWLPSRVLQJDQ\DVVXPSWLRQVDERXW
WKHLUGLVWULEXWLRQ7KHVHERRWVWUDSVDPSOHVFDQWKHQEHXVHGWRFUHDWHDERRWVWUDSVDPSOLQJGLVWULEXWLRQRIWUHHVZKLFK
LQWXUQPD\EHXVHGWRPDNHSUHGLFWLRQV7KLVSURFHGXUHLVDQH[DPSOHRIWKHEDJJLQJHQVHPEOHPHWKRGRORJ\>@
(QVHPEOHPHWKRGRORJLHVEXLOGDSUHGLFWLYHPRGHOE\LQWHJUDWLQJPXOWLSOHPRGHOVLQRUGHUWRREWDLQDEHWWHUFRPSRVLWH
JOREDOPRGHOZLWKPRUHDFFXUDWHDQGUHOLDEOHHVWLPDWHVRUGHFLVLRQV
$PRQJPHWKRGVRIWKLVIDPLO\WKH5DQGRP)RUHVWDOJRULWKP>@>@DSSHDUVWRVXLWVRPHGLVWLQFWLYHIHDWXUHVRI
VHZHUV\VWHPVDQGWKHLUGHWHULRUDWLRQPRGHV5DQGRP)RUHVW5)LVDFODVVLILFDWLRQDOJRULWKPWKDWGRHVQRWPDNHDQ\
DVVXPSWLRQVDVWRH[SODLQLQJWKHSKHQRPHQRQRULPSRVHDVXEGLYLVLRQRIWKHSUREOHPVSDFH,WFOXVWHUVDXWRPDWLFDOO\
DQG LW FDQ EH IHG HLWKHU WKH HQWLUH SUREOHP RU DQ\ QXPEHU RI GLVFUHWHO\ FDWHJRUL]HG RU FRQWLQXRXV H[SODQDWRU\
YDULDEOHV
,QDGGLWLRQWRFRQVWUXFWLQJHDFKWUHHXVLQJDGLIIHUHQWERRWVWUDSVDPSOHRIWKHGDWDWKH5)DOJRULWKPFKDQJHVKRZ
WKH FODVVLILFDWLRQ RU UHJUHVVLRQ WUHHV DUH EXLOW ,Q FODVVLFDO WUHHV HDFK QRGH LV VSOLW XVLQJ WKH EHVW VSOLW DPRQJ DOO
YDULDEOHVXVLQJ5)HDFKQRGHLVVSOLWXVLQJWKHEHVWSUHGLFWRUDPRQJDVXEVHWRISUHGLFWRUVUDQGRPO\FKRVHQDWWKDW
QRGH $IWHU REWDLQLQJ D ERRWVWUDS VDPSOLQJ GLVWULEXWLRQ RI WUHHV D ILQDO SUHGLFWLRQ LV PDGH E\ DYHUDJLQJ DOO WKH
SUHGLFWLRQVREWDLQHGE\DOOWKHWUHHV(DFKWUHHWHQGVWREHOHVVDFFXUDWHWKDQDFODVVLFDOWUHHEXWE\FRPELQLQJPXOWLSOH
SUHGLFWLRQVLQWRRQHDPRUHDFFXUDWHIRUHFDVWLVREWDLQHG>@
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
)LJ±$JHQHULF5)DOJRULWKPDQGWKH5)¶VWUHHVWUXFWXUH
)LJGHVFULEHVDJHQHULF5)DOJRULWKPZKHUH'7LVDFODVVLFDOGHFLVLRQWUHHDOJRULWKPZLWKWZRPRGLILFDWLRQV
LDWHDFKQRGHUDWKHUWKDQFKRRVLQJWKHEHVWVSOLWDPRQJDOOSUHGLFWRUVUDQGRPO\VDPSOHPWU\RIWKHSUHGLFWRUVDQG
FKRRVHWKHEHVWVSOLWIURPDPRQJWKHPLLQRSUXQLQJSURFHGXUHLVDSSOLHG
6RPHRIWKHDGYDQWDJHVRIWKH5)DOJRULWKPLQFOXGHLIDVWEXLOGLQJLLWKHDELOLW\WRGHWHFWYDULDEOHLPSRUWDQFH
DQG LLL JRRG SHUIRUPDQFH FRPSDUHG WR PDQ\ RWKHU FODVVLILHUV LQFOXGLQJ GLVFULPLQDQW DQDO\VLV VXSSRUW YHFWRU
PDFKLQHVDQGQHXUDOQHWZRUNV3HUKDSVDERYHDOOHOVHWKHPHWKRGPDNHVQRDVVXPSWLRQVDQGQRLQIHUHQFHVVXFKDV
E\LPSRVLQJDJLYHQSUREDELOLW\GLVWULEXWLRQWKHUHVXOWVDUHOLWHUDOO\RQO\DVJRRGDVWKHGDWD
2YHUYLHZRILPSOHPHQWDWLRQDQGUHVXOWV
$Q5)EDVHGPRGHOWRSUHGLFWWKHFRQGLWLRQRILQGLYLGXDOVHZHUVRUWKHFRPELQHGH[SHFWHGWRWDOOHQJWKRIVHZHUV
ZLWKFRQGLWLRQVDERYHDXVHUGHILQHG OLPLW HJDQGDERYH LQDJLYHQVHZHU V\VWHP VHFWRUZDVGHYHORSHGDQG
LPSOHPHQWHGLQWKH%DVHIRUPRUJVRIWZDUHSODWIRUP>@D-DYDEDVHGRQOLQHHQYLURQPHQWDVDQDGGLWLRQDOPRGXOH
RI WKH $:$5(3 LQIUDVWUXFWXUH DVVHW PDQDJHPHQW SODQQLQJ VXLWH >@ >@ 7R DOORZ IRU FURVVYDOLGDWLRQ DQG
FRPSOHPHQWDU\LQVLJKWWKH5)PRGHOLVPDGHDYDLODEOHDORQJVLGHDQLPSOHPHQWDWLRQRIWKH*RPSLW]PRGHOZKLFK
XVHVDQRQKRPRJHQHRXV0DUNRYFKDLQPHFKDQLVP>@
7KHLPSOHPHQWDWLRQLQFOXGHVWKHGHWHUPLQDWLRQRID0XWXDO,QIRUPDWLRQ,QIRUPDWLRQJDLQLQGLFDWRUWKDWPHDVXUHV
WKHFRQWULEXWLRQRIDQ\LQGLYLGXDOFRYDULDWHHJVHZHUDJHPDWHULDOLQH[SODLQLQJWKHFRQGLWLRQRILQVSHFWHGSLSHV
7KH LPSOHPHQWDWLRQ XVHV WZR LQSXW ILOHV D VHZHU GDWD WDEOH DQG DQ LQVSHFWLRQV GDWD WDEOH )LJ  DQG )LJ 
UHVSHFWLYHO\DVREWDLQHG IURPD*,6DVVHW UHJLVWHUDQGIURPDQ LQVSHFWLRQVUHSRUWV\VWHPPD\EH LPSRUWHGIURP
([FHO7KHEDVHFRYDULDWHVDUHFRPPRQDVVHWUHJLVWHU*,6IHDWXUHV]RQHPDWHULDOOHQJWKGLDPHWHUDQGLQVWDOODWLRQ
GDWH7KHUHLVURRPIRUIXUWKHUFRYDULDWHVRIDQ\NLQGWREHDGGHGE\WKHXVHUDVH[WUDFROXPQVRQWKHVHZHUGDWDWDEOH
)LJ
$VXPPDU\RIEDVLFGHVFULSWLYHVWDWLVWLFVLVVKRZQLQ)LJZKLFKDOORZVIRULPSRUWDQWLQVLJKWRQDVVHWGLVWULEXWLRQ
E\PDWHULDOLQVSHFWLRQHIIRUWVLJQLILFDQFHUHODWLYHOHQJWKVLQVSHFWHGIUHTXHQFLHVRIFULWLFDOVIRXQGLQWKHH[DPSOH
VKRZQWKHXVHUGHILQHGDQGDERYHDVFULWLFDODQGWKHWLPHZLQGRZVLQVSHFWHG)LJGLVSOD\RWKHUGHVFULSWLYH
VWDWLVWLFVRIWKHLQVSHFWLRQUHFRUGVWRWDOYVLQVSHFWHGOHQJWKDQGERWWRPLQVSHFWHGFRQGLWLRQSHULQVWDOODWLRQ\HDU
7KH UHVXOWV DUH FDOFXODWHG JOREDOO\ IRU WKH V\VWHP DQG SUHGLFWLRQV DUHPDGH IRU HDFK LQGLYLGXDO VHZHU )LJ 
VXPPDUL]HVDJJUHJDWHGUHVXOWVIURPDSSO\LQJWKH5)PRGHOPXWXDOLQIRUPDWLRQRQFRYDULDWHVDQGULJKWHVWLPDWHG
GLVWULEXWLRQRIFULWLFDOVHZHUVJUDGHVDQGLQWKHFDVHVKRZQSHUVHZHUSLSHPDWHULDO
,QGLYLGXDODQG]RQHEXONSUHGLFWLRQVDUHSURGXFHGDQGPDGHDYDLODEOHRQWKHVFUHHQRULQ([FHOIRUPDW%\DGGLQJ
D*,6VHZHUPDSWKHXVHUFDQDOVRYLHZHVWLPDWHGFULWLFDOVRQWKHPDS)LJ
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

)LJ±,QSXWGDWDVHZHUGDWDWDEOH

)LJ±,QSXWGDWDLQVSHFWLRQGDWDWDEOH

)LJ±'HVFULSWLYHVWDWLVWLFVLQWKHFDVHVKRZQWKHXVHUGHILQHGFULWLFDOJUDGHVZHUHDQG
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
)LJ±7RS7RWDOYVLQVSHFWHGOHQJWKDQGERWWRPLQVSHFWHGFRQGLWLRQSHULQVWDOODWLRQ\HDU
 
)LJ±$JJUHJDWHGUHVXOWVOHIW0XWXDOLQIRUPDWLRQRQFRYDULDWHVDQGULJKWHVWLPDWHGGLVWULEXWLRQRIFULWLFDOVHZHUVJUDGHVDQGLQWKHFDVH
VKRZQSHUVHZHUSLSHPDWHULDO
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
)LJ±3UHGLFWHGSUREDELOLW\RIEHLQJLQDFULWLFDOJUDGHRUIRULQGLYLGXDOVHZHUVIRUDJLYHQ\HDUFXUUHQWRUIXWXUHWKHFRORUWKUHVKROGVRI
SUREDELOLW\DUHXVHUGHILQHG

$PHDVXUHRIWKHEHQHILWRILQVSHFWLQJDJLYHQOHQJWKRIVHZHUVE\XVLQJWKHVRIWZDUHLVJUDSKLFDOO\GHSLFWHGRQ
WKHFKDUWLQ)LJ


)LJ±3ULRULWL]DWLRQSHUIRUPDQFHHVWLPDWHGSUREDELOLW\RIILQGLQJFULWLFDOSLSHVE\DFFXPXODWHGLQVSHFWHGOHQJWKPLOHVRIVHZHUXVLQJWKH5)
PRGHO
,QWKHILJXUHQRQGLUHFWHGLQVSHFWLRQVKDYHDQH[SHFWHGVXFFHVVUDWHLQILQGLQJFULWLFDOVRURIRIWKH
WRWDOLQVSHFWHGOHQJWKDVVHHQLQ)LJZKHUHDVXVLQJ5)UDQNLQJWRVHOHFWWKHILUVWXQLQVSHFWHGPLZRXOG\LHOG
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!RIH[SHFWHGVXFFHVV UDWH)ROORZLQJ WKLVSULRULWL]HGVWUDWHJ\ WKHH[SHQGLWXUHSHUFULWLFDO ILQG LV LQ WKLVFDVH
GHFUHDVHGDOPRVWILYHIROGIRUWKRVHILUVWIHZKXQGUHGPLOHVDQGWKHSURFHVVLVIXUWKHULQIRUPHGDVPRUHSLSHVDUH
LQVSHFWHG²SDUWLFXODUO\ DV D JUHDWHU SHUFHQWDJHRI FULWLFDOV LV DGGHG WR WKH VDPSOH ,Q FRPELQDWLRQZLWK D ]RQDO
VWUDWHJ\DVVKRZQLQ)LJWKLVFDQEHWUDQVODWHGLQHYHQJUHDWHUVDYLQJV



)LJ±3UHGLFWHGSHUFHQWDJHRIWRWDOOHQJWKRIVHZHULQDFULWLFDOJUDGHRUSHUQHWZRUN]RQHGUDLQDJHVXEEDVLQIRUDJLYHQ\HDUFXUUHQW
RUIXWXUH


)LJ±7KHFRORUWKUHVKROGVRIFULWLFDOSHUFHQWDJHRIWRWDO]RQHOHQJWKDUHXVHUGHILQHG
([SORULQJFRYDULDWHVIRUSUHGLFWLRQ
1HWZRUN]RQHVPD\EHVXLWDEOHDVFRYDULDWHVIRUDQXPEHURIUHDVRQVLQFOXGLQJWKHIDFWWKDWV\VWHPVDUHRIWHQEXLOW
E\VXEEDVLQXQLWVDQGWKHSLSHVPD\VKDUHVHYHUDOLPSRUWDQWIHDWXUHVVXFKDVDJHPDWHULDODQGFRQVWUXFWLRQPHWKRGV
7KH UHVXOWVEHLQJH[SUHVVHGE\]RQHKDYH WKHJUHDWDGYDQWDJH WKDW WKH\DUHPXFKFORVHU WR WKHQHHGVRISODQQLQJ
LQVSHFWLRQVXVXDOO\FRQWUDFWHGRXWIRUHQWLUHQHWZRUN]RQHV
1HWZRUN]RQLQJPD\EHDIL[HGLQSXWEDVHGRQDEDVLQVXEEDVLQKLHUDUFK\7KLVSDUWLFXODULPSOHPHQWDWLRQDGGVD
WRSRORJLFDOPRGHOWREHDEOHWRFRQQHFWDGMRLQLQJSLSHVDQGPDQKROHVVWDUWLQJIURPDQ\GHOLYHU\SRLQWHJDSXPS
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VWDWLRQRU::73WRZDUGVXSVWUHDPDXWRPDWLFDOO\GHILQLQJQHWZRUN]RQHVZLWKK\GUDXOLFPHDQLQJ7KLVDGGVDEDVLF
DELOLW\ WR UHODWH IXQFWLRQDOO\ K\GUDXOLF PHDQLQJIXO VHFWLRQV RI QHWZRUN ZKLFK LV D GHIHQGDEOH EDVLV WR H[SORUH
SRWHQWLDOFRYDULDWHVIRUWKHSUHGLFWLRQSURFHVV$XWRPDWLQJWKLVSURFHVVWRWKHH[WHQWSRVVLEOHZLGHQVWKHDSSOLFDELOLW\
RIWKHSUHGLFWLRQPHWKRGSURSRVHG
$VLWLVLPSOHPHQWHGRQD*,6HQDEOHGHQYLURQPHQWLWXVHVVSDWLDODQDO\VLVRIH[LVWLQJJHRGDWDHJSRSXODWLRQ
WUDIILFWUHHFRYHU]RQLQJRQWRSLSHVVHZHUVWRZLGHQWKHVFRSHRISRVVLEOHFRYDULDWHVWKDWPD\EHDGGHGWRWKHOLVWWR
EHH[SORUHGE\WKH5)PRGHOHJWUHHFRYHUPD\KHOSH[SODLQURRWLQWUXVLRQVKHDY\WUDIILFPD\UHODWHWRVWUXFWXUDO
GHIHFWVHWF)XUWKHUGHWDLOVRIWKHFRPSXWHULPSOHPHQWDWLRQFDQEHIRXQGLQ>@DQG>@
*HQHUDWLQJK\GUDXOLFDOO\PHDQLQJIXOVXE]RQHVDOVRHQDEOHVWKHDVVRFLDWLRQRIIORZPRQLWRULQJGHULYHGLQGLFDWRUV
VXFKDV,	,LQILOWUDWLRQDQGLQIORZDVIXUWKHUSRVVLEOHFRYDULDWHVLQWKLVSURFHVV
'HWDLOVRIWKH5)LPSOHPHQWDWLRQ
$VPHQWLRQHGDERYH5DQGRP)RUHVWKDVEHHQLPSOHPHQWHGLQVLGHWKHEDVHIRUPRUJVRIWZDUHSODWIRUP%DVHIRUP
LVD-DYDEDVHGZHEFHQWULFVRIWZDUHSODWIRUPGHVLJQHGIRUQHWZRUNHGLQIUDVWUXFWXUHVZKLFKLQFOXGHVDVHWRIFRPPRQ
FRUHIXQFWLRQDOLW\DQGDQXPEHURIVRIWZDUHPRGXOHVWRROV,QVLGH%DVHIRUPHDFKWRRODFWVDVDSOXJLQUHXVLQJWKH
FRPPRQVHWRIIXQFWLRQDOLW\DQGVHUYLFHVGHILQHGE\EDVHIRUPFRUHLQFOXGLQJ
x VKDUHGGDWDPRGHODQGGDWDPDQDJHPHQWIXQFWLRQDOLW\
x PXOWLXVHUHQYLURQPHQWLQFOXGLQJDFFRXQWLQJVHFXULW\DQGVKDULQJSHUPLVVLRQV
x *,6DQGPDSSLQJUDQJLQJIURPQHWZRUNPRGHOVWRVKDSHILOH:06
x PXOWLWDVNLQJVLPXODWLRQEDVHHQYLURQPHQW
x DQGDFRPPRQXVHULQWHUIDFHXVHUH[SHULHQFH
5) LV SUHVHQW DV SDUW RI WKH LQVSHFWLRQ DQDO\VLV WRRO ZKLFK DOVR LQFOXGHV D VHFRQG DQDO\VLVSUHGLFWLRQ PRGHO
*RPSLW=7KHLQVSHFWLRQDQDO\VLVWRROJXLGHVXVHUVWKURXJKWKHSURFHVVRIDGGLQJLQSXWGDWDUXQQLQJWKHPRGHODQG
DVVHVVLQJJHQHUDWHGLQIRUPDWLRQ
7KH5)PRGHOLVWUDLQHGZLWKWKHH[LVWLQJ&&79EDVHGFRQGLWLRQDVVHVVPHQWGDWDFRPELQHGZLWKSLSHUHFRUGVDQG
XVHUGHILQHGFRYDULDWHVLQDVLPSOLILHGIRUPDWFRQWDLQLQJIRUHDFKLQVSHFWLRQ
x 3LSH0DWHULDO±GLVFUHHWFRYDULDWH
x 3LSH]RQH±GLVFUHHWFRYDULDWHRSWLRQDO
x 3LSH/HQJWK±FRQWLQXRXVFRYDULDWH
x &RYDU±XVHUGHILQHGFRQWLQXRXVFRYDULDWHRSWLRQDO
x &RYDU±XVHUGHILQHGFRQWLQXRXVFRYDULDWHRSWLRQDO
x &RYDU±XVHUGHILQHGGLVFUHHWFRYDULDWHRSWLRQDO
x $JHDWSUHYLRXVLQVSHFWLRQLIDYDLODEOHDIORDWLQJSRLQWGHFLPDOYDOXHLQ\HDUV
x &RQGLWLRQFODVVRISUHYLRXVLQVSHFWLRQLIDYDLODEOH
x $JHDWLQVSHFWLRQDIORDWLQJSRLQWGHFLPDOYDOXHLQ\HDUV
x &RQGLWLRQFODVV±WKHWUDLQLQJFODVVLILFDWLRQSDUDPHWHU
$IWHUWUDLQLQJ WKHJHQHUDWHG5DQGRP)RUHVWFODVVLILFDWLRQPRGHOLVDSSOLHGWRDOOH[LVWLQJSLSHVXVLQJH[LVWLQJ
LQVSHFWLRQVWRIHHGWKHDJHDWSUHYLRXVLQVSHFWLRQDQGWKHFRQGLWLRQFODVVRISUHYLRXVLQVSHFWLRQFRYDULDWHVDQGE\
VHWWLQJWKHYDOXHIRUDJHDWLQVSHFWLRQWRWKHFDOFXODWHDJHRIWKHSLSHDWWKHXVHUVHOHFWHGVLPXODWLRQGDWH7KHPRGHO
ZLOORXWSXWHVWLPDWHGSUREDELOLW\RIHDFK LQGLYLGXDOSLSHEHLQJFODVVLILHG LQHDFKFRQGLWLRQFDWHJRU\ XVXDOO\ ILYH
FDWHJRULHVUDQJLQJIURPWR$VLQVSHFWLRQDQDO\VLVWRROVLPSOLILHVWKHFODVVLILFDWLRQEHWZHHQFULWLFDODQGQRQ
FULWLFDODVVHWVE\DVNLQJWKHXVHUWRVHOHFWDFRQGLWLRQWKUHVKROGXVXDOO\FRQGLWLRQDVLPSOHHVWLPDWHGSUREDELOLW\
RIWKHSLSHEHLQJLQDFULWLFDOFRQGLWLRQDWWKHJLYHQWLPHLVDVVLJQHGWRHDFKSLSH
7KHLPSOHPHQWDWLRQXVHVWKHRSHQVRXUFH*3/:HND>@GDWDPLQLQJDQGPDFKLQHOHDUQLQJ-DYDVRIWZDUHOLEUDU\
DQGD VSHFLDORSWLPL]HG UHLPSOHPHQWDWLRQRI WKHRULJLQDO5DQGRP)RUHVW FODVVLILFDWLRQSDFNDJHRI:HNDQDPHG
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)DVW5DQGRP)RUHVW>@7KLVFODVVLILFDWLRQHQJLQHLVWUDLQHGXVLQJLWVQDWLYHPXOWLWKUHDGHGIHDWXUHDGDSWLQJWRWKH
QXPEHURISURFHVVRUVDYDLODEOHFRPPRQO\IRXUSDUDPHWHULVHGZLWKDVWKHQXPEHURIWUHHVLQWKHIRUHVWDQGWKH
QXPEHURIIHDWXUHVWRXVHLQUDQGRPVHOHFWLRQIL[HGWRWKHQXPEHURIH[LVWLQJFRYDULDWHV
'LVFXVVLRQDQGFRQFOXVLRQV
7KH5)PRGHOSURYLGHVDQHIILFLHQWEDODQFHEHWZHHQFDOFXODWLRQWLPHVDQGDFFXUDF\RIWKHSUHGLFWLRQV$VDQRUGHU
RIPDJQLWXGH WKH UXQ WLPHV IRU WKH SDUWLFXODU FDVH VKRZQ LQ WKH SUHYLRXV VHFWLRQ DSSUR[  SLSHV 
LQVSHFWLRQVLQWKLV-DYDEDVHGFOLHQWVHUYHULPSOHPHQWDWLRQDUHEHORZVHFRQGV
2QHRIWKHPRVWXVHIXOIHDWXUHVRIDOHDUQLQJPHWKRGIRUFODVVLILFDWLRQVXFKDV5)LVLWVDELOLW\WRH[SORUHDQRSHQ
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